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Description 

Microinjector with Grounding 

Conduction Channel 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to an ink jet printhead, and 

more particularly, to a microinjector of the ink jet print- 
head. 

[0003] 2. Description of the Prior Art 

[0004] | n recent years, a microinjector for ejecting fluids, such as 
gas, ink, chemical solutions and other liquid materials, 
has been widely applied to fluid-ejecting apparatuses like 
an ink jet printhead in an ink jet printer. As microinjectors 
become cheaper and more reliable, and as high quality 
fluids of high frequency and spatial resolution come to the 
market, the microinjector is becoming more and more 
popular and has a wide number of uses. For example, a 
microinjector can be applied to a variety of industrial 



fields, such as a fuel injection system, a cell sorting sys- 
tem, a drug delivery system, a micro jet propulsion sys- 
tem, and print lithography. 
[0005] please refer to Fig.l, which is a schematic diagram of a 

microinjector 10 according to the prior art. The microin- 
jector 10 is disclosed in a US patent, No. 6,102,530, "Ap- 
paratus and method for using bubbles as virtual value in 
microinjector to eject fluid". The microinjector 10 com- 
prises a chamber 12, a manifold 14 connected to the 
chamber 12, an orifice 16 disposed above the chamber 
12, a first heater 18, a second heater 20, and a SiO layer 
(not shown). The first and second heaters 18 and 20 are 
both disposed proximately adjacent to the orifice 16 and 
external to the chamber 12. The first and second heaters 
18 and 20 are typically electrodes connected in series to a 
common electrode (not shown). The chamber 12 and the 
manifold 14 of the microinjector 10 are filled with fluid 
(not shown). 

[0006] The first heater 18 has a cross sectional area smaller than 
that of the second heater 20, and the first heater 18 ac- 
cordingly has a heat efficiency higher than that of the sec- 
ond heater 20. Therefore, driven by the same common 
electrode, the first heater 18 generates a first bubble 22 



earlier than the second heater 20 generates a second 
bubble 24. It can be seen that the first bubble 22 has a 
volume bigger than that of the second bubble 24. 

[0007] The first heater 18 generates the first bubble 22 that is 

big enough to form a virtual valve to prevent the fluid 
contained in the manifold 14 from entering the chamber 
12 in order to diminish a cross talk effect between the 
chamber 12 and other chambers neighboring the chamber 
12 to impact the chamber 12 of the microinjector 10. At 
the same time, the second bubble 24, with a growing vol- 
ume driven by the second heater 20, ejects the fluid con- 
fined in the chamber 12 through the orifice 16 to a region 
outside of the chamber 12 gradually. 

[0008] please refer to Fig. 2, which is another schematic diagram 
of the microinjector 10 according to the prior art. As the 
second bubble 24 grows and has a volume large enough 
to contact with the first bubble 22, the first bubble 22 
combined with the second bubble 24 are capable of pre- 
venting fluid confined in a region 26 opposite to the ori- 
fice 16 from being ejected to a region outside of the 
chamber 12, omitting the satellite droplets. 

[0009] After the fluid has been ejected to a region outside of the 
chamber 12 by the combination of the first and second 



bubbles 22 and 24, the common electrode stops driving 
the first and second heaters 18 and 20. Therefore, the 
volumes of the first and the second bubbles 22 and 24 
decrease gradually and the chamber 12 is filled with fluid 
again. 

[0010] please refer to Fig. 3, which is a schematic diagram of a 
silicon wafer 30 ready to be etched into the microinjector 
10 according to the prior art. The silicon wafer 30 com- 
prises a phosphosilicate-glass (PSG) 32 as a sacrificial 
layer and a low stress silicon nitride 34 as a top surface of 
the chamber 12. In a bulk etching process for the silicon 
wafer 30, the silicon wafer 30 is etched in a solution of 
potassium hydroxide (KOH), while the sacrificial layer 32 
of the silicon wafer 30 is removed by hydroflouric acid 
(HF). Experiments show that the chambers 12 top surface 
34, which is formed by the low stress silicon nitride, is 
fragile and easily cracked. The KOH solution probably 
etches a surface of the silicon wafer 30 and therefore re- 
duces a yield rate of the silicon wafer 30 or even damages 
the silicon wafer 30. 

[0011] jhe experiments also show that the silicon nitride 34, fur- 
ther coated with a layer of metal, such as gold and nickel, 
not only has a more rigid structure, the silicon nitride 34 



also has an additional radiation function, for smoothing 
the fabrication of the manifold 14 and the orifice 16. 
[0012] | n t ne microinjector 10, the SiO layer has a dielectric 
constant of approximately 3.9-4.5, and a thickness of 
0.5um, while the silicon nitride 34 has a dielectric con- 
stant of approximately 6-8, and a thickness of 0.5um. 
The metal layer, which is coated on the silicon nitride 34, 
has a large area and a corresponding large parasitic ca- 
pacitance. Such a large parasitic capacitance results in the 
metal layer accumulatinga great deal of charge. This 
charge easily couples to circuits disposed on a region un- 
der the silicon nitride 34, deforming a square wave driving 
the microinjector 10 to have a shark-fin-shaped over- 
shoot waveform, as shown in Fig. 4. The square wave with 
the overshoot probably damages the first and second 
heaters 18 and 20 sequentially or a MOS transistor in the 
microinjector 10. Moreover, too large of a parasitic capac- 
itance also accompanies an increasing RC, thereby reduc- 
ing driving frequency as well as printing efficiency, creat- 
ing a problem of signal delay. 
Summary of Invention 

[0013] n j S therefore a primary objective of the claimed invention 
to provide a microinjector comprising not only a metal 



plate but also a conduction channel to connect the metal 
plate to ground. 

[0014] According to the claimed invention, the microinjector 
comprises a chamber for containing fluid, an orifice in 
fluid communication with the chamber, the orifice being 
disposed above the chamber, an actuator disposed proxi- 
mately adjacent the orifice and external to the chamber 
for ejecting fluid from the chamber, a metal layer dis- 
posed above the chamber, and a conduction channel con- 
nected between the metal layer and ground. 

[0015] it is an advantage of the claimed invention that the mi- 
croinjector includes not only the metal plate but also the 
conduction channel to connect the metal plate to ground, 
for overcoming the problem of parasitic capacitance. 
Moreover, such a large metal plate, combining with the 
silicon substrate, provides shielding effect and good heat 
radiation performance. 

[0016] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment that is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 



[0017] Fig.l is a schematic diagram of a microinjector according 
to the prior art. 

[0018] Fig. 2 is another schematic diagram of the microinjector 

shown in Fig.l according to the prior art. 
[0019] pig. 3 is a schematic diagram of a silicon wafer ready to be 

etched into the microinjector shown in Fig.l according to 

the prior art. 

[0020] Fig. 4 is a diagram of a shark-fin-shaped overshoot wave- 
form of a square wave according to the prior art. 

[0021] Fig. 5 is a cross sectional diagram of a microinjector ac- 
cording to the present invention. Fig. 6 is an equivalent 
circuit diagram of an actuator of the microinjector shown 
in Fig. 5 according to the present invention. 

[0022] Fig. 7 is a diagram of a waveform of a square wave accord- 
ing to the present invention. 
Detailed Description 

[0023] please refer to Fig. 5, which is a cross sectional diagram of 
a microinjector 50 according to the present invention. The 
microinjector 50 comprises a silicon substrate 52 con- 
nected to ground, a chamber 54 formed on the silicon 
substrate 52 for containing fluid, a manifold 56 formed 
between a fluid tank and the chamber 54 for passing fluid 
from the fluid tank to the chamber 54, a low stress silicon 



nitride 58 installed on atop surface of the chamber 54, 
and an orifice 60 in fluid communication with the chamber 
54, the orifice 60 being disposed above the chamber 54. 
The microinjector 50 also includes a first heater 62 and a 
second heater 64, both of which are disposed proximately 
adjacent to the orifice 60 and external to the chamber 54 
for ejecting fluid from the chamber 54, a P-well doped re- 
gion 66, a field oxide 68, a MOSFET 70 as a driving circuit 
formed on the P-well doped region 66 for controlling the 
first and second heaters 62 and 64, and a first and a sec- 
ond Si0 2 layer 72 and 74, both of which are formed cov- 
ering the first and second heaters 62 and 64. The mi- 
croinjector contains a Si N layer 76 formed covering the 

x y 

second SiO layer 74, a metal pad 78, a metal layer 80 
formed between the first and second SO layers 72 and 

i 2 

74, a first metal connector formed in the metal layer 80 
for connecting the first and second heaters 62 and 64 and 
the metal pad 78, a P ion implant 82 as a guard ring 
formed adjacent to the MOSFET 70 for receiving holes 
emitted from the MOSFET 70, which is functioning under 
an electric field of high electricity, a metal plate 88 
formed covering the Si N layer 76, a passivation opening 

x y 

84 formed on a region that the metal plate 88 overlaps 



the P + ion implant 82, and a conduction channel 86 con- 
necting the passivation opening 84 to the P + ion implant 
82. 

[0024] please refer to Fig. 6, which is an equivalent circuit dia- 
gram of an actuator of the microinjector 50 according to 
the present invention, the actuator comprising the first 
and second heaters 62 and 64. The first metal connector 
connects the metal pad 78, the second heater 64, the first 
heater 62, the MOSFET 70, and ground sequentially. 

[0025] jhe MOSFET 70 comprises a lightly doped drain (or dou- 
ble diffused drain) 90 connected to a program line (not 
shown), a source implant 92, and a poly-silicon gate 94 
connected to an address line (not shown). The microinjec- 
tor 50 can utilize a bipolar transistor, a JEFT transistor, or 
a P-N diode to substitute for the MOSFET 70. The metal 
layer 80 is made of a metal selected from a group con- 
sisting of aluminum, gold, copper, tungsten, and alloys of 
Al-Si-Cu. The microinjector 50 further comprises a sec- 
ond metal connector formed in the metal layer 80 for 
connecting the metal plate 88 and the P ion implant 82 
to ground. The driving circuit 70 can also comprise bipo- 
lar transistors, JFET transistors, or diodes alternatively. 

[0026] jhe P ion implant 82 of the microinjector 50 receives 



holes emitted from the MOSFET 70 and transmits the 
holes to ground via the second metal connector to isolate 
the MOSFET 70 from noise. In a process to fabricate the 
passivation opening 84, the second SiO layer 74and the 
Si N layer 76 are etched on top of the metal layer 80. 

x y 

Therefore, the metal plate 88, which is made of gold or 
nickel, first shorts to the second metal connector in the 
metal layer 80 and then to ground via the passivation 
opening 84 and conduction channel 86 sequentially, and 
functions as an equivalent ground plate. 
[0027] operations of the microinjector 50 are described as fol- 
lows: When the microinjector 50 is selected to eject fluid 
and the MOSFET 70 is then turned on, a current provided 
by an external source travels from the metal pad 78, to 
the first and second heaters 62 and 64 sequentially via 
the first metal connector in the metal layer 80, through 
the source 92 and drain 90 of the turned-on MOSFET 70, 
and eventually to ground to enable the first and second 
heaters 62 and 64 to generate heat. Accordingly, the fluid 
contained in the chamber 54 is heated up and the first 
and second bubbles 22 and 24 (referring to Fig. 2) are 
generated sequentially to eject the fluid to a region out- 
side of the chamber 54 through the orifice 60. 



[0028] please refer to Fig. 7, which is a diagram of a waveform of 
a square wave according to the present invention. It is ap- 
parent that the square wave has a perfect waveform. 

[0029] | n contrast to the prior art, the present invention can pro- 
vide a microinjector 50 comprising a metal plate 88 as an 
equivalent ground plate, a passivation opening 84 and a 
conduction channel 86, the passivation opening 84 and 
conduction channel 86 both for transferring the parasitic 
capacitance collected on the metal plate 88 to ground. 
The microinjector 50 has at least the following advan- 
tages: 

[0030] (l)Since the first and second heaters 62 and 64, covering 
the first SiO layer 72, both have very poor heat conduc- 
tion constants of 1.4W/mK, and the metal plate 88, how- 
ever, has a good heat conduction constant of 318W/mK, 
the metal plate 88 can combine with the silicon substrate 
52, also having a good heat conduction constant of 
160W/mK, to radiate heat generated by the first and sec- 
ond heaters 62 and 64 through a plurality of radiation 
polls formed by a combination of the passivation opening 
84 and the conduction channel 86; 

[0031] (2)The metal plate 88 strengthens the structure of the low 
stress silicon nitride 58; and 



[0032] (3)Shorting the metal plate 88 to ground via the second 

metal connector in the metal layer 80 not only reduces the 
parasitic capacitance of the metal plate 88 so that the 
square wave used to drive the first and second heaters 62 
and 64 can have a perfect waveform, it also makes the 
metal plate 88 a large equivalent ground plate, with a 
combination of the metal plate 88 and the silicon sub- 
strate 52 as another ground plate capable of isolating cir- 
cuits in the microinjector 50 from noise (shielding effect). 
In conclusion, the microinjector 50 provides good printing 
quality, high printing speed, and a long lifetime. 

[0033] The microinjectior 50 not only can be applied to an ink jet 

printhead of a black-and-white or color ink jet printer, it 
also can be applied to a variety of industrial fields, such as 
a fuel injection system, a cell sorting system, a drug deliv- 
ery system, a micro jet propulsion system, and print 
lithography. 

[0034] Following the detailed description of the present invention 
above, those skilled in the art will readily observe that nu- 
merous modifications and alterations of the device may be 
made while retaining the teachings of the invention. Ac- 
cordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended 



claims. 



